Abstract. In the framework of the European ACTS programme, the AMUSE project aims to develop, specify, implement and trial advanced multimedia services using an end-to-end ATM infrastructure based on different types of access network technologies. This paper presents a summary of the first trial of AMUSE being operated in 1996 in Munich, Germany, giving both details on the realisation of the trial and on results of the service usage evaluation.
Introduction
In the framework of the ACTS programme (Advanced Communication Technologies and Services, [1] ), the AMUSE project (Advanced MUltimedia SErvices for Residential Users, [5] ) has been established involving 25 partners from 8 European countries and Israel. With an effort of more than 1500 man months corresponding to a budget of around 17 million ECU the consortium aims to 1: develop, specify, implement and trial advanced multimedia services with emphasis on residential users; 2: test these new services under realistic conditions by means of field trials in several locations based on HFC, ADSL and FTTC/FTTB technologies; and 3: show the implementation of an end-to-end (from multimedia servers to terminal equipment) ATM infrastructure for various types of access networks.
The project consortium agreed on a two-phase approach for the trials: In phase 1 equipment and applications will be integrated by the project that have been already available [14] . The services implemented in phase 1 comprise among others Video on Demand (VoD), News on Demand (NoD) and high speed Internet access. Phase 2 delivers the advanced services and applications resulting from the project work.
HFC access networks have been discussed extensively in the literature before, e. g. [3] , and are one of the major access network options investigated in the project. For the HFC access network option, field trials involving real residential users (10 -20) are foreseen subsequently in Munich (Germany), Basel (Switzerland) and Mons (Belgium) during the first phase of the project. In all locations the duration of the trials will be around three months. On May 14, 1996 , the first trial of the project AMUSE went into operation in Munich, four months prior the original project plan, and concluded on August 15, 1996. The trial operated without any significant impairments.
A number of field trials for interactive multimedia services have been carried out in several countries around the globe, but very little has usually been published about trial results and the experience gained during the trial phase. The trials of the AMUSE project do not have a commercial nature, and thus, the results can be published without restrictions imposed by commercial interests. This paper presents a comprehensive summary of the Munich trial giving a report on the major results of the trials service evaluation. The rest of the paper is organised as follows: Section 2 gives information on the technical realisation of the Munich trial, the services provided and the general methodologies for the service evaluation. Section 3 summarises the results of the user survey and of the automatic monitoring of service usage, that was further used to derive the basic stochastic properties of the user behaviour. Section 4 concludes the work and points at future activities within the AMUSE project.
The Munich Trial of AMUSE

Network Platform
The cable TV (CATV) distribution system of Deutsche Telekom AG provides an excellent infrastructure for interactive broadband services due to its large bandwidth and its relatively high penetration in Germany: almost two thirds of all households can be accessed via this network. In Munich, even 93% of the total number of households have access and 52.6 % of them actually have subscribed to the CATV service.
The CATV access network starts at a main amplifier centre and feeds lines of up to 5 km in length, comprising a maximum of 23 amplifiers in sequence. The last amplifier of the active network part feeds the last part of only passive network elements to connect to a number of households varying between a few and several thousands.
At present, the amplifier-equipped part of the tree-and-branch structured CATV access network, originally designed exclusively for the distribution of broadcasting services, is band-limited to 450 MHz. Because the ATM-based delivery system for demonstrating the interactive services requires a frequency band above 450 MHz, the active part of the access network has been overlaid by means of optical fibres for both directions. Extensive measurements have shown that the passive part of the selected platform in Munich, supporting both distribution and interactive services, can be used up to 860 MHz. Figure 1 shows the field trial configuration. A downtown local exchange (Residenzpost) is the place where the complete AMUSE headend equipment including video server, ATM switch and the Frontend for the access network are located. From there, a 2 Mbit/s link (3.1 km) to repeater station Munich 0 for Internet access is installed. The headend feeds a bi-directional optical fibre, 2.1 km in length, towards the fibre hub (Widenmayerstraße 26) near the customers' premises at the beginning of the passive part of the CATV network. A crossover combines the signals of the interactive video services with those of the conventional distribution service.
Within the passive network which was identified as being suitable, three fairly large apartment houses have been selected where a network termination ATM (NT/A) has been installed in the basement. Each NT/A serves all CATV service customers over the existing coax house installation and up to 4 AMUSE field trial users. The user's Set Top Boxes are connected to the NT/A by unshielded, bi-directional twisted pair cables, allowing for a symmetrical transmission at up to 25 Mbit/s according to the ATM25 standard adopted by the ATM Forum. 
Fig. 1. Configuration of the Munich field trial
Due to the ATM-based transport in the access network, interworking with an ATM core network is very simple. The access network supports one STM-1 downstream channel which is transmitted using a single 64 QAM modulated carrier and requires around 30 MHz of bandwidth, see figure 2 . Most of the existing HFC systems, on the other hand, follow the Digital Video Broadcast (DVB) approach where the downstream capacity is fragmented into many digital pipes each fitting into an 8(6) MHz TV channel and supporting a bit rate of less than 40 Mbit/s. Although being more flexible with respect to channel allocation, this approach reduces the potential for statistical multiplexing gains, and requires additional multiplexing stages for an interconnection with existing local node switches in the core network. 
Fig. 2. Spectral allocation of interactive channels
As shown in figure 2, a high split architecture is used for the return channel. This approach not only avoids the noisy return channel band (5 to 45 MHz), it also provides a much higher capacity for the upstream channel. Using a robust AM/VSB modulation, a full STM-1 return channel can be realised, which is shared dynamically through a TDMA protocol as described in [6, 9] . The cell transport system of each NT has a number of queues where upstream cells are queued for transmission. Each upstream queue is polled periodically by a central controller located in the Frontend with a rate corresponding to the aggregate bandwidth of all VPs associated with that queue.
Switched virtual connections can be established through user-network signalling according to ATM-Forum UNI specification, version 3.1 [2] . Call handling functions are currently co-located with access network control functions in the access node.
User Environment and Services Offered
In addition to the description of the network platform in the preceding section, some details of the user premises equipment and the offered services are worth-wile to be mentioned too. The households were using their normal TV sets that were supplemented by a settop box with standard IR remote control and alternatively, a full alphanumeric IR keyboard. Cabling to the settop box in the premises of the users was done in a provisional way, such that the cables could easily be removed after three months. The required equipment as well as the following services have been provided to the users free of charge:
• News on Demand service (NoD): The first available day-to-day issues of the actual news reports, Heute, Heute Journal and Bayerische Rundschau were MPEG1 realtime coded and stored on the video server for retrieval by the users. Those programmes were updated daily and kept on the server for the last 7 days.
• Video on Demand service (VoD): A huge amount of video material from different content providers has been made available to the users in the Video on Demand service. Via a structured menu with different categories like entertainment, science, active life, education, etc., the users could easily choose their preferred movies. The video contents on the video server was changed on a monthly basis.
• High-speed Internet access to World Wide Web (WWW): Access to WWW has been provided to the users by offering two special features. A high-speed access network link with a bitrate of 2 Mbit/s was realised for Internet access and the TV set was enabled to work as an Internet terminal. This could be achieved by means of a special browser software, implemented in the settop box. Surfing in the WWW was not restricted, but some typical PC functions like e-mail and file transfer could not be performed via this configuration.
Methodologies for Evaluation of Service Demonstrations
This section describes the goals of the evaluation and the methodologies for the evaluation of the service demonstrations. The results of the evaluation will be used to come up with suggestions on how to improve the services for the second phase of the project and to give an indication how an optimum solution for advanced multimedia services provisioning should look like. There are three goals:
1. To evaluate the usability of the system 2. To evaluate the acceptance and attractiveness of new services 3. To establish a usage profile These three goals are explained in more detail below. The first goal must be to produce a usable system. We are particularly interested whether the user is satisfied with the system, whether he finds the functionality adequate, the quality of the presentation, i.e. the interface and also the quality of the video and audio. Finally, we are interested in following whether he has any trouble using the system, that is makes a lot of errors or doesn't know how to carry out the tasks he wants to.
Before defining a special service and the necessary equipment to support it, the benefit, the acceptance, the attractiveness and the willingness to pay of the users (subscribers and potential service providers) have to be measured. Only services with an acceptable cost/benefit-profile for both subscribers and service providers will be inquired. Also their ability to compete against established services like existing TV and video rental has to be considered. The goal is to get a rough estimation of the potential of cost/benefit and user acceptance for every service from "pay per channel" to "service on demand" and interactive TV under consideration of alternative technologies. In other words, here we put emphasis on service and content rather than the usability of the system. As a part of this goal it may be appropriate to evaluate the usefulness of the system, i.e. whether the services have enough functionality for the user.
The objective of establishing a usage profile is to get an exact picture of when the user uses the system, and what services he uses most frequently. This information can also be useful for network and in general resource planning.
In deciding the goals and subsequently the methodology to reach these goals, we should keep in mind what characterises the system we are evaluating. In particular we should examine who the users are, in what environment they perform the tasks, what tasks they perform, and what kind of devices they use [12] .
Based on those aspects, we selected the following methodologies to achieve the goals mentioned above. Each of the methodologies is described in the subsequent paragraphs. 
User observation
A user observation session is divided into three parts: introduction, where the user is informed on what the goal of the session is, the tools that will be used and that the system is being tested and not the user. The second part is the experiments session, where the user is asked to performed predefined tasks that are meaningful to him and reflect his usage of the system. During this session, usability problems are recorded and in general any comments the user may have about the system. Often, the user is also asked to think aloud as he performs the tasks. Finally, the user is debriefed, thanked for his cooperation, and the experimenter and the user talk about his experience of the session.
In AMUSE we have used use cases (as described in [8] ) during the analysis to describe the usage of the services.
Interviews
Before the trial begins, a pre-experimental questionnaire is carried out in order to get basic information on the user as well as his attitudes, current usages and expectations on interactive services. During the trial, an interviewer visits the user in his home and asks him questions in order to assess the user's satisfaction of the system, usage profile and attractiveness of the services and on the content offered in the trial.
Ben Shneiderman [13] has set forward the QUIS questionnaire which is a generic user-evaluation questionnaire for interactive systems. A similar one or at least a guideline for one might be used for interactive multimedia services. After more experience has been gained with the questionnaires of different trial island, such a general questionnaire for interactive multimedia services may result.
Automatic monitoring
The objective of assessing the users behaviour by building up a service usage profile is very well met by performing an automatic monitoring of user actions and corresponding data transport. The advantage of an automatic monitoring is that all relevant actions of the users are permanently observed and evaluated automatically without additional effort for the user.
In addition to those methodologies characterised above, we use heuristic evaluation of interfaces (cf. [11] ), but a detailed description is omitted from this paper because the heuristic evaluation has not been used for the Munich trial.
Results of the Munich Trial
Lasting for three months, from May to August 1996, the multimedia interactive services experiments in Munich took place with real residential users in their user premises. The selection process of the households was primarily influenced by feasibility and cost criteria. This hampered the selection of the best suited households for service experiments. Nevertheless, the different types of users involved in the trial ranged from students to high-income households and from youngsters to pensioners.
According to the methodologies described in chapter 2.3, the evaluations of the service related experiments in Munich are based on the following different activities:
• A user survey by face-to-face interviews, first within a pre-experimental interview before the trial start and in a detailed user interview at the end of the trial.
• Evaluation of services by visitors of the AMUSE show room: discussions and questionnaires
• An automatic monitoring facility was implemented in order to detect the service usage data automatically.
Results of the User Survey
Pre-experimental Interviews
The conclusions that can be drawn from the pre-experimental interviews comprise on one hand insights into the media consumption of the users like, average duration of TV/PC usage, preferred information categories, expenditures of the households for the use of different media and on the other hand knowledge about the user's expectations from new services in the future. Some of the details are:
• Most of the users are well-educated persons.
• The average TV consumption of the participants is 1.3 hours per day.
• Most of the users prefer ambitious contents from categories like news reports, politics, culture, science and like good international movies.
• All of the users read newspapers and magazines on a regular basis.
• More than 50% of the participating households use a PC.
• Approximately 40% of the selected users use the Internet already, either private or in their businesses.
• Nearly all users are willing to pay for better TV offerings without any or with fewer commercials.
Final and Detailed User Interviews
The personal user interviews took place in the user's premises and lasted between one and two hours. The final user interviews aimed at receiving the user's degree of acceptance of the new services. In addition, the user's opinion of functionality and system handling, disturbing response times and presentation quality were collected.
It is planned to wait for the outcomes of the trials following later in AMUSE, before drawing the final conclusions. This will prevent the project from misinterpretations that are caused by the small user number of the Munich trial island. Therefore, the following summary of results has to be interpreted carefully:
Application usage was strongly varying from user to user. Asked about their estimated application usage times, most of the users answered with a more positive tendency compared to the monitoring data in chapter 3.4. Figure 3 shows the estimated average hours of application usage per week in reference to the settop box number.
By declaration of the users, their usage of conventional media has not been influenced by the new applications. The users also had no general problems with the handling of the system. Some users criticized the required use of three different remote controls.
A main section of the interviews was dedicated to the evaluation of the user acceptance of the applications NoD, VoD and access to WWW. From these three candidates, 50% of the users consider the latter to be the most interesting application. Surprising is the fact that 50% of the users either have Internet access already or are planning to have it soon. 
Fig. 3. Estimated average hours of applications usage per settop box
According to the users, VoD is the second best application. All users missed the top quality movies that, by some reasons, we were not able to provide. Nevertheless, nearly all of the users are willing to pay between 5,-DM and 10,-DM per video, given, the choice is large enough and actual top videos are available also (see figure  4 ). To underline this willingness to pay, it has to be noted that the typical prize for video rental in Germany is around 5,-DM per movie per day, rising up to about 10,-DM for up-to-date top movies. The ranking of the three applications is ending up with the NoD service. For this service, the judgement of the users was less uniform than for the other services. More than 50% of the users are not interested, or expect a NoD service to come for free. In contrast to this opinion, some other users showed a relatively high interest in a news service. Important for their intention to pay 10,-to 15,-DM per month for NoD is a professionally realized service and the inclusion of leading international news providers (also see figure 4 ).
Service Evaluation by Visitors of the Show Room
The AMUSE services and the technical system were demonstrated to approximately 300 technicians and experts mainly from the Deutsche Telekom and Siemens in a show room at the Residenzpost. Demonstrations took place at nearly every working day during the whole trial period. After all demonstrations, a number of very interesting evaluations and suggestions were received. Fifty-eight of the visitors filled up and replied our questionnaire. On the question: would you use the AMUSE services as they are realised at the moment, 33% answered "Yes", 41% with "Maybe" and only 26% denied to use the service.
Findings and Improvements
Some additional findings and further improvements have been detected from the realization of the service trial in Munich. The following items should be taken into account for the trials that will follow in the AMUSE project:
• Provision of high quality video contents; program overview with video clips as appetisers; improved picture quality by MPEG-2 encoding • Realisation of full VCR functionality
• Realisation of news categories in NoD
• Improve Internet response times; provide full Internet access including e-mail, file transfer, etc.; most users would prefer a PC as Internet terminal • Inclusion of more concrete applications via Internet like home shopping, electronic commerce etc.
• Inclusion of business applications/users
Results from Automatic Monitoring on Service Usage
As mentioned in the preceding sections, the goal of the automatic monitoring facility is to record all relevant actions of the users to give information on the usage of the different services and to build up a characteristic service usage profile.
For providing the high speed Internet access to World Wide Web services to the AMUSE residential users, a proxy server demon was used within the Multimedia Server which easily allowed for a logging of each request of the http protocol coming to or passing through the proxy server. For the VoD and NoD services, a proprietary server software produced logging information on all relevant actions within the VoD control software of the server. Unfortunately, during the first period of the Munich trial until June 20th, the software was not able to put timestamps into the logging data, thus all results covering the whole trial period of 3 months are based on counting the requests for video content regardless of its actual duration of playback. All results giving information of timing on VoD or NoD sessions are based on the second period of the trial after the software update at June 20th.
The following subsections present just a subset of the most interesting results of the service evaluation. If not mentioned explicitly, the results are only considering the logging information of the residential users of STB 1 to 11.
Video on Demand Service (VoD)
The results reported for the VoD service comprise all requests for MPEG coded video material from the server, covering different categories of movies on entertainment, education, information, etc. 1 2 3 4 5 6 7 8 9 10 
of requests, (b) total playback duration
The graph clearly identifies the differences in the interest on the VoD service for each user. Owner of STB 1 shows the highest number of requested video documents throughout the trial, whereas some users show a kind of "medium" interest (STB 4, 7, 9) and the interest of others is rather small (STB 2 requested 2 and STB 8 requested 3 videos during the trial). A detailed analysis of the playback duration for single videos showed that in most cases the actual time spent for watching was a rather small fraction of the total length of the video. This indicates that the users mainly showed an experimenting attitude by browsing the offered VoD material. The day profile clearly states that the VoD service was mainly used during the late afternoon and the night hours. A lower usage is observable during the morning hours, probably due to the fact that the users are out of home for work. During the night hours between 2 and 7 o'clock the VoD service has never been used. On Saturdays, the usage was very low probably caused by the users being out of home and active in other leisure activities. On Sundays, the usage reaches the highest amount of the whole week, which might indicate the interest of the users in the VoD service in the evening hours of Sunday after finishing weekend out-home activities.
News on Demand Service (NoD)
The practical realisation of providing the NoD service in the Munich trial was done by encoding German TV news magazines in MPEG and loading those documents as videos onto the Multimedia Server (cf. section 2.2). The pattern seems to be similar to that of VoD. The user of STB1 shows the highest interest in the NoD service as with VoD. But the user of STB 9 showed no interest on NoD, whereas on VoD he showed at least an average interest in both terms of number of requests and playback duration.
The differences between requests and duration again are mainly caused by the different evaluation period, i.e. the user of STB 5 requested 6 NoD documents during period 1 and none in period 2. For NoD, the user of STB 1 made up about 63 % of playback time from the total of about 6 hours in period 2. The average playback duration of NoD documents again was a rather small fraction of the total length in most of the cases.
NoD category Share on total Heute 58 % Heute Journal 24 % Rundschau 18 %
The table above shows the share of each NoD category on the total of NoD requests and more or less indicates the popularity of "Heute" and "Heute Journal" being provided by one of Germany's biggest TV broadcaster.
A figure for the NoD usage week and day profile is omitted because the pattern matches to that of pure VoD usage (cf. figure 6 ) and the same explanations may apply.
Highspeed Internet Access to World Wide Web (WWW)
As already indicated from the user questionnaire results, the WWW service was the most interesting application for the AMUSE test users. During the trial, the users invoked 68000 http requests and downloaded 366,5 Mbytes of data to their STB navigator screens. This equals an average usage of about 700 requests or 3,7 Mbytes of data per day during the trial. 
Fig. 8. WWW usage, (a) total time per STB, (b) data amount for STB 1-11 per day
To analyse the interest in the service, Figure 8 (a) presents the total time of WWW usage for each individual user. The profile of interest is not quite the same as for VoD or NoD. E.g. user of STB 5 showed only small interest in WWW, whereas he was not amongst the least interested users with VoD and NoD. The user of STB 8 had no real interest in Multimedia services at all, being amongst the lowest ranks for all WWW, VoD and NoD services. The user of STB 1 is running on pole position with tremendous distance on all three service types. Figure 8 (b) shows the amount of WWW data requested by all residential STBs (1..11) for each single day. There is no clear pattern on the usage observable, e.g. no obvious decrease of usage throughout the trial. The density of higher amounts per day seems to be higher in the first days of the trial, indicating the first curiosity of the users on the new service. But apart from single exceptions a certain minimum level is maintained and together with some peaks indicates that the WWW service has been frequently used throughout the trial.
The profile of WWW usage evaluated on a per day basis again is similar to VoD and NoD results (figure 6). But for the week profile, the WWW usage throughout the week days is generally higher than on the weekend and more steady than with VoD and NoD. Figure 9 compares the results of monitoring the total usage time of the three service categories (restrictions for VoD and NoD timing as mentioned before). It is obvious that the user of STB 1 is the top user of all service categories. Most of the users showed an average interest, similar to each others, whereas two users (STB 5 and 8) seem not to be interested in Multimedia service usage at their home. As observed from the user interviews, the ranking in service usage for the three categories is first WWW, followed by VoD and last NoD. This is underlined by the results from monitoring as presented in the preceding subsections. Altogether, the results from the monitoring more or less match those results of the questionnaires and interviews.
Comparison of Service Usage
The results achieved and the experiences gained by using an automatic monitoring mechanism for the services usage in the Munich trial have to be separated into technical and service related aspects. On the technical point of view, the tools for monitoring the service usage worked very well for all services, taking into account that the VoD/NoD and WWW services are provided by different control processes on the Multimedia server, respectively generating monitoring data separately. Altogether, the concept and methodology of automatic monitoring as being set up for the trials within the AMUSE project seems to be well suited for future trials with a larger number of users involved.
The issue of limited number of users is the main drawback for giving a solid interpretation of the results from the service point of view, gaining information on a typical usage profile and getting answers on the acceptance of the services. In addition, the behaviour of the user heavily depends on further issues like the quality of the contents provided within the service and the tariffs used.
The collection of usage data by automatic monitoring will continue for all future trials of the AMUSE project. This will increase the data basis available for the analysis and we will be prepared to do a comparison of results from the different trials which together may allow for a more sophisticated interpretation. Nevertheless, for the WWW service, which was used extensively, it was worth going into more detail for analysing the stochastic properties of the WWW traffic caused by the residential users and observed by the automatic monitoring. The results presented in the following subsection are the first step towards a detailed characterisation of the WWW traffic that future networks have to cope with.
Stochastic WWW Traffic Evaluation and User Modelling
To basically understand the properties of the WWW data streams and to generate stochastic models of the user behaviour, the probability distribution of the request sizes and the interarrival times of the requests are of prime importance. Furthermore, the correlation structure of consecutive requests is important to determine the impact of the WWW data streams on the delivery system components. Recently, several researchers (e.g. [10] ) pointed out that data traffic measurements reveal a chaotic behaviour that may have a nonnegligible impact on the delivery system components as well.
Fig. 10. Complementary distribution functions, (a) request sizes, (b) interarrival times
The complementary distribution functions for the request sizes of all http requests (regardless of how they were served) of the 11 STBs of the residential users and STB 12 from the demonstration room are depicted in figure 10 (a) . The shapes of the curves differ considerably, but can be categorised into two classes. Some STBs have never issued requests exceeding a request size of about 150000 bytes, whereas others requested documents with a size of more than 1 Megabyte. However, the STBs with just the small request sizes are the ones that were rarely used and the busy STBs present the distribution functions including large request sizes. So the latter ones may be more representative of future users that really make use of the WWW. The thick line indicates the distribution function average of all STBs (all request sizes regardless of the issuing STB were taken to calculate the distribution function).
The complementary distribution functions of the request interarrival times (figure 10 (b) show two regions. First the curves drop quickly for small interarrival times, but then almost stagnate at a certain probability level. This behaviour results from the fact, that the logging data contains the interarrival times within a WWW session as well as the time spans between the sessions. Like the request size distributions, the distribution functions of the interarrival times prove that some STBs were rarely used whereas others were used intensively. The thick line again denotes the average interarrival times of all STBs.
To correctly characterise the arrival process of the http requests, the autocorrelation of consecutive requests and the crosscorrelation between the interarrival times and the request sizes is important. The autocorrelation of both sequences even for small lags is relatively small and no significant crosscorrelation could be determined. Therefore a first order theoretical approximation of the arrival process of a residential WWW user can be achieved by using iid random processes using the aforementioned empirical distribution functions for the request sizes and interarrival times. Further studies are necessary to prove or disprove the fact, that the correlation properties of residential WWW traffic differ from those reported from long term measurements in a mostly scientific environment.
Conclusions and Future Work
In this paper we presented a comprehensive overview of the first technical field trial of the European project AMUSE operated in Munich from May to August of 1996. Beside giving detailed information on the technical realisation of the multimedia service provisioning and on the services itself, the methodologies of service evaluation have been introduced and a summary of major results has been given.
The evaluation of the interviews has shown that the users understand the Internet access to WWW as a fascinating medium providing a world-wide platform for information retrieval and a variety of other new applications.The user reflections lead to the conclusion that within future field trials some more concrete applications like home shopping, home banking or electronic commerce should be experimented via the Internet. Video on Demand has the potential for realisations in the medium-term, given that the result of the relation benefit to cost is high enough for the households. That demands that lower future communication costs have to be realised and attractive contents have to be provided. News on Demand will find interested users as a supplementary application together with others.
The collection of usage information by automatic monitoring provided the opportunity to present results on the service usage of the eleven residential users in the Munich trial. The results vary widely between the users, but in general indicate that all users at least showed a curious experimenting character in using the new services. The ultimate goal of deriving a profile of user behaviour and indicating the acceptance of the services was not achievable due to the very small number of users. Nevertheless, the experiences with establishing the monitoring mechanism and performing the evaluation showed that the concept of monitoring within the AMUSE trials is feasible also for use in trials with a larger number of users and in such an environment will hopefully allow for drawing more general conclusions from the evaluation.
From the analysis of stochastic properties, the WWW logging data monitored by the WWW proxy server indicates that the STBs were used in a very varying manner. The request size distribution functions of the more heavily used STBs feature a uncommonly heavy tail, i.e. the distribution functions are highly asymmetrical towards large request sizes. The interarrival time distribution functions clearly show two phases that can be attributed to the time spans between requests within a WWW session and the time spans between the sessions. The traces show no significant autocorrelation properties. However, more measurements are necessary to confirm these results, especially regarding the long term correlation properties of residential WWW traffic. Based on the empirical traces so far available, an iid source model taking the distribution functions of the request sizes and interarrival times into account should be sufficient for performance evaluation studies.
The trial in Munich was the first in a series of trials planned in AMUSE. At the time of this writing, others are underway in Basle and Milan. Furthermore, trials in Aveiro, Mons and Reykjavik are planned. The trials differ in their architecture for the access network technology, and some differ in the services offered. Since each trial has only a few users, it may be difficult to draw any conclusions on services from any single trial, though it is expected that results can be accumulated from different trials.
A second trial phase is planned during the third year of the project, in which other access technologies such as radio access technologies and improved ADSL components will be tried. Also it is intended to improve the services based on the findings during the first phase.
